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(54) METHOD OF OPERATING A DRYING APPARATUS WITH A HEAT PUMP AND A CLEANING

DEVICE

(67)  The invention relates to a method of operating
adrying apparatus (1) comprising a drum (2) for receiving
laundry items; a heat pump (4, 6, 8, 9) having an evap-
orator as a first heat exchanger (4) and a condenser as
a second heat exchanger (6), which are arranged in a
process air duct (3) at a distance one behind the other
with respect to the flow direction thereof, a compressor
(8) and an expansion valve (9); a blower (7) arranged in
the process air duct (3), and a cleaning device (5) for
cleaning the first heat exchanger (4) with an aqueous
cleaning liquid (W),

the method comprising the following steps in a drying
phase in which the drum (2) is at least temporarily rotated
and the blower (7) is switched on:

(a) determining whether a predetermined minimum
amount M, of the aqueous cleaning liquid (W) is
present in the cleaning device (5);

(b1) when the minimum quantity M,,,;, of aqueous clean-
ing liquid (W) is presentin the cleaning device (5), switch-
ing off the compressor (8);

(b2) when the minimum quantity M, of aqueous clean-
ing liquid (W) is not present in the cleaning device (5),
the following steps (c), (c1), (c2) and (d) are skipped;
(c) activating the cleaning device (5) so that aqueous
cleaning liquid (W) is conveyed into the first heat ex-
changer (4), wherein during the conveyance of the aque-

ous cleaning liquid

(c1) in the event that a moisture content H of the laundry
items is above a predetermined moisture content Hur,
the blower (7) is operated at a power P sufficient to con-
vey at least part of the aqueous cleaning liquid (W) from
the firstheat exchanger (4) into the second heat exchang-
er (6); and

(c2) in the event that a moisture content H of the laundry
items is below a predetermined moisture content H¢p,
where Hat > Hip, operating the blower (7) at a power
P, < P, insufficient to convey at least a portion of the
aqueous cleaning liquid (W) from the first heat exchanger
(4) to the second heat exchanger (6), and interrupting
rotation of the drum (2);

(d) pumping condensate, preferably from a condensate
pan in a bottom group (12), by means of a pump into the
cleaning device (5) until at least the minimum quantity
Mpin Of aqueous cleaning liquid (W) is again present in
the cleaning device (5), wherein in case (c2) the rotation
of the drum (2) is resumed before the pumping after
de-activation of the cleaning device (5);

(e) repeating steps (c) and (d) at least once; and then
(f) in case (c1), restarting the compressor (8); and

(9) in case (c2), rinsing the first heat exchanger (4) when
the temperature inside the drum (2) reaches a pre-de-
fined limit T,
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Description

[0001] The invention relates to a method of operating
a drying apparatus with a heat pump and a cleaning de-
vice. The invention relates more particularly to a method
of operating a drying apparatus comprising a drum for
receiving laundry items; a heat pump having an evapo-
rator as a first heat exchanger, a condenser as a second
heat exchanger, which are arranged in a process air duct
at a distance one behind the other with respect to the
flow direction thereof, a compressor and an expansion
valve; a blower arranged in the process air duct, and a
cleaning device for cleaning the first heat exchanger with
an aqueous cleaning liquid (W).

[0002] Condensation laundry dryers are known that
have a drum rotatably mounted in a housing, a fan for
generating a process air stream intended to flow through
the drum as well as over a condensation device compris-
ing a collecting vessel for collecting condensed water
accumulating during the drying process, and in addition
a condensate tank connected to the collecting vessel by
means of a line, the condensate tank being arranged in
a trough connected to the collecting vessel by means of
a drain. In this case, the condensate collected in the col-
lecting vessel is usually conveyed to the condensate tank
by means of a pump. The condensate tank is located in
a trough which contains a drain to the collecting vessel.
[0003] Household appliances with a heat exchanger
cleaning device are known.

[0004] The publication WO 2017/032550 A1 describes
a domestic appliance having a first heat exchanger and
a second heat exchanger, which are arranged one be-
hind the other at a distance from each other in a process
air duct with respect to the flow direction of said process
air duct, and a cleaning apparatus for cleaning the first
heat exchanger by means of cleaning liquid (W), wherein
a flow-guiding structure is present in the process air duct
between the first heat exchanger and the second heat
exchanger, which flow-guiding structure has at least one
planar flow-guiding element, which is oriented at least
approximately horizontally between the first heat ex-
changer and the second heat exchanger, wherein the at
least one flow-guiding element is arranged above a bot-
tom of the flow-guiding structure. The domestic appliance
is in particular a clothes-drying appliance having a heat
pump.

[0005] Condensation laundry dryers are known that
have a drum rotatably mounted in a housing, a fan for
generating a process air stream intended to flow through
the drum as well as over a condensation device compris-
ing a collecting vessel for collecting condensed water
accumulating during the drying process, and in addition
a condensate tank connected to the collecting vessel by
means of a line, the condensate tank being arranged in
a trough connected to the collecting vessel by means of
a drain. In this case, the condensate collected in the col-
lecting vessel is usually conveyed to the condensate tank
by means of a pump. The condensate tank is located in
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a trough which contains a drain to the collecting vessel.
[0006] In view of this situation it was an object of the
present invention to provide an improved process for op-
erating a drying apparatus with a heat pump. Preferably,
the overall efficiency of the operation of the dryer should
be improved in that an improved method for cleaning a
heatexchanger of the heat pump is provided, in particular
for cleaning a heat exchanger arranged in a process air
circuit at a distance behind a directly cleanable heat ex-
changer.

[0007] This objectis achieved according to the present
invention by the method of operating a drying apparatus
with a heat pump and a heat exchanger cleaning device
pursuant to the independent claim. Preferred embodi-
ments of the method according to the invention are shown
especially in the dependent claims.

[0008] The invention is thus directed to a method of
operating a drying apparatus comprising a drum for re-
ceiving laundry items; a heat pump having an evaporator
as a first heat exchanger and a condenser as a second
heat exchanger, which are arranged in a process air duct
at a distance one behind the other with respect to the
flow direction thereof, a compressor and an expansion
valve; a blower arranged in the process air duct, and a
cleaning device for cleaning the first heat exchanger with
an aqueous cleaning liquid (W), the method comprising
the following steps in a drying phase in which the drum
is at least temporarily rotated and the blower is switched
on:

(a) determining whether a predetermined minimum
amount M,;;, of the aqueous cleaning liquid (W) is
present in the cleaning device;

(b1) when the minimum quantity M,,;, of aqueous
cleaning liquid (W) is present in the cleaning device,
switching off the compressor;

(b2) when the minimum quantity M,,;, of aqueous
cleaning liquid (W) is not present in the cleaning de-
vice, the following steps (c), (c1), (c2) and (d) are
skipped;

(c) activating the cleaning device so that aqueous
cleaning liquid (W) is conveyed into the first heat
exchanger, wherein during the conveyance of the
aqueous cleaning liquid

(c1) in the event that a moisture content H of the
laundry items is above a predetermined moisture
content Hp, the blower is operated at a power P,
sufficient to convey at least part of the aqueous
cleaning liquid (W) from the first heat exchanger into
the second heat exchanger; and

(c2) in the event that a moisture content H of the
laundry items is below a predetermined moisture
content Hop, where Hap > Hp, operating the blower
at a power P, < P, insufficient to convey at least a
portion of the aqueous cleaning liquid (W) from the
first heat exchanger to the second heat exchanger,
and interrupting rotation of the drum;

(d) pumping condensate, preferably from a conden-
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sate pan in a bottom group, by means of a pump into
the cleaning device until at least the minimum quan-
tity My, of aqueous cleaning liquid (W) is again
present in the cleaning device, wherein in case (c2)
the rotation of the drum is resumed before the pump-
ing after de-activation of the cleaning device;

(e) repeating steps (¢) and (d) atleast once; and then
(f) in case (c1), restarting the compressor; and
(g)in case (c2), rinsing the first heat exchanger when
the temperature inside the drum reaches a pre-de-
fined limit T},

[0009] In a preferred method, steps (c1) and (d) are
repeated a pre-defined number of times ngy4, preferably
twice, and more preferably three times.

[0010] In a preferred method, step (b2) can be repeat-
ed a pre-defined number ng, of times. In case this pre-
defined number ng, is reached, the drying apparatus will
indicate, in particular display, a separate cleaning re-
quest to the user of the drying apparatus.

[0011] In a preferred method according to the present
invention, steps (a), (b1), (b2), and (c1) can be executed
if and only if a pre-defined operation time t, is reached.
[0012] In a particularly preferred method of the present
invention, a flow guide structure is present in the drying
apparatus in the process air duct between the first heat
exchanger and the second heat exchanger, which flow
guide structure has at least one flat flow guide element
which is aligned at least approximately horizontally be-
tween the first heat exchanger and the second heat ex-
changer, and is arranged above a bottom of the process
air duct.

[0013] It is preferred in this method, that at least one
flow guiding element is strip-shaped and extends trans-
versely to the process air duct with respect to its longitu-
dinal extension.

[0014] Preferably, for the method of the presentinven-
tion, the first heat exchanger, the second heat exchanger
and the flow guide structure have an equal flow width.
[0015] Ina particularly preferred method of the present
invention

- theflow guide structure is a grid-like flow guide struc-
ture which has at least two circumferentially closed
air guide channels arranged one above the other,

- which air guide channels arranged one above the
other are separated from one another by a common
flow guide element,

- first open end faces of the air guide channels face
an air outlet side of the first heat exchanger, and

- second open end faces of the air guide channels
face an air inlet side of the second heat exchanger.

[0016] A method is then preferred, wherein the flow
guide structure has at least two arrangements, arranged
next to one another, of in each case at least two circum-
ferentially closed air guide channels arranged one above
the other.
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[0017] Ina preferred embodiment of the process of the
present invention, in the drying apparatus the first heat
exchanger and the second heat exchanger are arranged
on a common base and the flow guiding structure can be
inserted as a prefabricated component between the first
heat exchanger and the second heat exchanger.
[0018] In the method of the present invention it is pre-
ferred that the measurement of the moisture content H
of the laundry items is performed by means of a conduc-
tivity sensor arranged in the drum.

[0019] Inthe method of the presentinvention itis more-
over preferred that the determination of the amount of
water M in the cleaning device is carried out by means
of a water level sensor and/or a counter for pumping op-
erations of the pump.

[0020] The drying apparatus comprises a heat pump.
The drying apparatus thus contains in general a heat
pump circuit comprising a refrigerant channel for circu-
lating a refrigerant, a condenser as a heat source, an
evaporator as a heat sink, an expansion device for ex-
panding the refrigerant, and a compressor for driving and
compressing the refrigerant, the refrigerant circulating
sequentially through the compressor, the condenser, the
expansion device and the evaporator. The condenser
serves to heat the process air flow prior to entering the
drum as drying chamber, and the evaporator serves to
cool the air flow after leaving the drying chamber.
[0021] In an embodiment in which the drying device
used has a flow-guiding element, the process has the
advantage that the flow-guiding element can reduce or
even partially prevent a sinking of the entrained water
between the two heat exchangers, whereby the second
heat exchanger can be cleaned at a higher level by
means of the entrained water than without the flow-guid-
ing structure. Namely, the flow directing element can
cause water droplets approaching or falling from above
to experience a higher counterforce in the region of the
flow directing element due to a dynamic pressure than
in free fall, so that a range of the water droplets in the
horizontal direction is increased. In addition, the water
droplets settle on the flow guide element and can gen-
erate a water film there, which is pressed by the flowing
process airin the direction of the second heat exchanger.
At the free edge of the flow guide element facing the
second heat exchanger, the water can detach from the
flow guide element and be carried along by the process
air back to the second heat exchanger. Thus, an impact
height on the second heat exchanger can also be im-
proved and also adjusted by adjusting a position of the
flow directing elements. The cleaning device may in-
clude, forexample, a nozzle or downcomer pressurizable
with the cleaning fluid. The cleaning fluid is generally an
aqueous fluid, for example water. In particular, the clean-
ing fluid may comprise or be fresh water and/or conden-
sate. The water may have additives such as cleaning
agents.

[0022] An at least approximately horizontally oriented
flow directing element may in particular be a planar ele-
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ment oriented horizontally or substantially horizontally in
the direction from the evaporator to the condenser. A
substantially horizontal orientation can be understood as
an orientation which deviates from the horizontal by no
more than 45°, i.e. by no more than +45° or -45°). In
particular, the direction may be measured between the
end points of the flow directing element.

[0023] The optional at least one flow directing element
is preferably arranged above a bottom of the air flow
channel, which in particular comprises thatitis arranged
at a distance from said bottom. Consequently, there is a
flow cross-section for the process air between the bottom
of the air flow channel and the flow guide element (in the
case of a plurality of flow guide elements arranged
spaced apart one above the other, between this bottom
and the lowest flow guide element adjacent thereto).
[0024] The flow guide structure may be a separately
manufactured component insertable as a section of the
air flow channel or as an insert into the air flow channel.
[0025] The bottom of the flow directing structure may
match the bottom of the air flow channel in that section.
Alternatively, the bottom of the flow directing structure
may be spaced from the bottom of the air flow channel.
Similarly, a ceiling of the flow directing structure may co-
incide with a ceiling of the air directing channel in that
section. Alternatively, the ceiling of the flow directing
structure may be spaced from the ceiling of the air direct-
ing channel, in particular below or below.

[0026] In a preferred embodiment, which is advanta-
geous in terms of effective, low-loss flow conduction, the
flow conducting element has a smooth, in particular pla-
nar or simply curved, surface. Flow resistance and water
deposits on the flow guide element can then be effectively
avoided.

[0027] The flow guide element can be made of metal
orplastic, forexample. The metal can be a stainless metal
and/or have a corrosion-preventing coating. The flow di-
recting element may be assembled from a plurality of
individual parts, e.g., pieces of sheet metal, or may be a
single piece, e.g., as an injection molded plastic part.
[0028] The drying apparatus used in the method ac-
cording to the invention may be a stand-alone clothes
dryer or a washer-dryer. The process air duct may be a
closed process air duct ("recirculating air dryer") or an
open process air duct ("exhaust air dryer").

[0029] Itis a further embodiment of the process of the
present invention that at least one flow guide element is
designed in the form of a band or strip and, with respect
to its longitudinal extent, runs in particular transversely
to the process air duct. This enables a particularly easy-
to-implement possibility of influencing the air flow and
movement of the water over a large - in particular full -
width of the air flow channel. In particular, a flow directing
element can be formed as a straight, planar strip of ma-
terial.

[0030] In accordance with the present invention, it is
preferred that at least one flow guide element extends
over substantially the entire width of the process air duct
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in the drying apparatus used. Here, "substantially the en-
tire width" is understood to mean in particular the entire
width or at least 90% of the entire width. This effectively
suppresses parasitic air flows that could flow laterally
past the flow directing element, thereby reducing effec-
tiveness of cleaning the second heat exchanger.

[0031] Inafurther embodiment, the first heat exchang-
er, the second heat exchanger and the preferably used
flow directing structure in the drying apparatus have an
equal flow width. In this way, a particularly uniform flow
can be achieved. A flow width can be understood in par-
ticular as a width of the respective associated air flow
channel.

[0032] According to theinvention, it is furthermore pre-
ferred that in one embodiment at least two flow guide
elements are arranged one above the other. In this way,
a height of fall of the water in the gap between the two
heat exchangers can be limited particularly effectively,
namely by the height of the flow guide elements, in par-
ticular by a height of the edge facing the second heat
exchanger. More preferably, the bottom of the flow guid-
ing structure and/or the bottom of the air flow channel
represents or is another flow guiding element.

[0033] Alternatively, the bottom does not constitute a
flow directing element for distributing the water impinging
on the second heat exchanger.

[0034] It is further preferred that an air outlet side of
the first heat exchanger has a higher bottom than an air
inlet side of the second heat exchanger, and an edge of
at least one flow directing element facing the first heat
exchanger is higher than its edge facing the second heat
exchanger.

[0035] The potential flow guiding elementthus runs ob-
liquely downward in the direction of flow of the process
air P against a horizontal line. As a result, a height of the
water impinging on the second heat exchanger can also
be raised independently of the flow guide structure. The
flow guide structure can be designed more simply and
effectively in this way.

[0036] The first heat exchanger may be at the same
height as the second heat exchanger, higher than the
second heat exchanger, or lower than the second heat
exchanger. In a preferred embodiment of the process,
the first heat exchanger has a lower height than the sec-
ond heat exchanger. This makes it possible to achieve
an at least approximately equal installation height of the
two heat exchangers.

[0037] In the process according to the invention, it is
moreover preferred that the upper sides of the first heat
exchanger used and of the second heat exchanger used
are aligned flush with one another and, in particular, oc-
cupy the same height plane.

[0038] Finally, in a preferred embodiment of the proc-
ess, a flow guide structure is used which has a bottom
and a top and atleast one flow guide element is arranged
between the bottom and the top, in particularin a laterally
horizontal orientation. This results in a particularly com-
pact and fluidically effective arrangement. For a particu-
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larly effective distribution of the water impinging on the
second heat exchanger, a plurality of flow guide elements
can be arranged between the floor and the ceiling. The
several flow guiding elements can have an equal or dif-
ferent distance to each other and/or to the floor and/or
to the ceiling. The floor and/or ceiling can be designed
as further flow guide elements, but can alternatively be
structural elements without a flow guide function for dis-
tributing the water impinging on the second heat ex-
changer (but possibly for the process air).

[0039] If a flow-guiding structure is used, this is pref-
erably a grid-like flow-guiding structure which has atleast
two circumferentially closed air-guiding channels ar-
ranged one above the other, the air-guiding channels ar-
ranged one above the other being separated from one
another by a flow-guiding element. This results in a par-
ticularly compact arrangement. In this preferred embod-
iment, at least one flow guide element thus represents
in particular the bottom of an upper air guide channel as
well as the top of a lower air guide channel. The flow
guide elements can be spaced from the bottom of the air
flow channel or arranged above this bottom.

[0040] Itis alsoadvantageous thatafirstopenendface
of at least one air guide channel faces an air outlet side
of the first heat exchanger and a second open end face
of the at least one air guide channel faces an air inlet
side of the second heat exchanger. This results in the
advantage that a particularly straight air guide channel
can be achieved between the two heat exchangers.
[0041] According to the process of the present inven-
tion, it is particularly advantageous if the optionally but
preferably used flow guide structure - in particular its first
open end face - is directly adjacent to or spaced from the
air outlet side of the first heat exchanger, in particular at
a distance of no more than ten millimeters, in particular
no more than five millimeters. Such a distance facilitates
easy insertion of the flow guide structure while effectively
reducing a drop in height of the water droplets.

[0042] It is advantageous if the optionally used flow
guide structure - in particular its second open end face -
is directly adjacent to or spaced from the air inlet side of
the second heat exchanger, in particular at a distance of
no more than ten millimeters, preferably no more than
five millimeters. Such a distance also facilitates easy in-
sertion of the flow guiding structure while effectively re-
ducing a drop in height of the water droplets. The flow
directing structure or at least one flow directing element
may contact at least one heat exchanger.

[0043] In a further embodiment, the flow guide struc-
ture has atleast two arrangements arranged next to each
other, each comprising at least two circumferentially
closed air guide channels arranged one above the other.
In this way, cross-flows, which increase a waterfall due
to a path extension for the water droplets, can be sup-
pressed. The resulting stronger channeling of the air
flows can also increase an air velocity, which suppresses
a waterfall even more.

[0044] Inafurtherembodiment, airducts arranged next
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to each other are separated from each other by a com-
mon - in particular vertical - partition wall. This enables
a particularly compact design.

[0045] Itis another embodiment that the air ducts have
a rectangular cross-section when viewed in the direction
of flow. This results in the advantage that the flow struc-
ture can be implemented by a rectangular arrangement
of flat planar components or partial areas, which enables
particularly simple and inexpensive manufacture. This
applies in particular to a multi-part design of the flow
structure.

[0046] It is a further embodiment that the flow guide
structure or the air guide channels have a grid-like basic
shape with the air guide channels as the grid openings.
It is another embodiment that the first heat exchanger
and the second heat exchanger are arranged on a com-
mon support - in particular a base - and the flow guide
structure can be inserted as a prefabricated component
between the first heat exchanger and the second heat
exchanger. This enables a particularly simple assembly.
[0047] The floor can be a floor of the drying apparatus.
For a particularly simple assembly of the drying appara-
tus, the floor may be a floor of a floor assembly serving
as a module of the drying apparatus. The floor assembly
can, for example, be prefabricated and then inserted as
a module into the drying apparatus and connected there.
[0048] Thus, the invention provides also a bottom as-
sembly of a drying apparatus on which the first heat ex-
changer, the second heat exchanger and, in between,
the flow guiding structure are arranged.

[0049] The drying apparatus can be a dryer as such or
a washer-dryer which combines the function of washing
laundry with the function of drying.

[0050] In the present invention, a condensate collect-
ing vessel is for the condensation water produced during
the drying process, which is pumped to the cleaning de-
vice in general by means of an electric pump unit via a
pump conduit which is usually a hose. The condensate
collecting vessel is for example a tray open at the top
and arranged below the condensing device, here the
evaporator of the heat pump, so that it can collect con-
densate produced in the evaporator.

[0051] The water in the condensate collecting vessel
is conveyed to the cleaning device which is preferably
arranged on an upper portion of the drying apparatus.
[0052] The drying apparatus is a front-loading dryer,
which means that a drum in which the laundry is located
has an axis which is positioned in a horizontal manner
or slightly tilted with respect to the horizontal plane, or a
top dryer, where the axis of the drum is substantially ver-
tical. In a preferred embodiment, the drying apparatus is
a front loading laundry dryer.

[0053] The process air circuit, in particular a closed-
loop circuit, includes a process air conduit for channeling
a stream of air to dry the laundry load in the drum. The
process air circuit is connected with its two opposite ends
to the drum. More specifically, hot dry air is fed into the
drying chamber, flowing over the laundry, and the result-
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ing humid (and to a lower temperature cooled down) air
exits the same. In case of a closed-loop drying air circuit,
the humid process air is then fed into the evaporator of
the heat pump, where the moist process air is further
cooled down and the humidity present therein condens-
es. The resulting cool dry air is then heated up before re-
entering again in the drum by means of the condenser
of the heat pump, and the whole loop is repeated until
the end of the drying process. However, the dehumidified
process air can also be exhausted outside the dryer.
[0054] The drying apparatus in general comprises a
control unit for the operation of the drying apparatus.
[0055] Theinvention provides several advantages. Ad-
vantages of the invention include an improvement of the
performance of the dryer by providing a drying apparatus
with an improved maximum drying performance of the
drying apparatus that can be achieved over lifetime due
to an efficient removal of laundry residuals. Moreover, in
embodiments of the invention, a maximum drying per-
formance of the drying apparatus over lifetime can be
achieved due to filtering the laundry residuals from the
air entering the condenser of the heat pump. A stable
dryer performance over lifetime of the dryer is possible.
[0056] Non-limiting examples for drying apparatuses
or for parts in which the method of the present invention
can be advantageously implemented are shown in Figs.
1 to 4, wherein corresponding components are identified
by the same reference numerals.

Fig. 1 shows a schematic structure of a drying unit
in which no flow guide structure is present;

Fig. 2 shows a section of a floor assembly with a first
heat exchanger, a second heat exchanger and a flow
guide structure arranged therebetween in an oblique
view from above;

Fig. 3 shows a cross-section of the floor assembly
of Fig. 2 longitudinally through the heat exchangers
and the flow directing structure; and

Fig. 4 shows an oblique front view of a portion of the
floor assembly including the first heat exchanger and
the flow directing structure.

[0057] Fig. 1 shows a schematic structure of a drying
apparatus 1 of corresponding genus. In this embodiment,
the latter has a horizontally rotatable laundry drum 2 as
a receiving space for laundry to be dried, which is not
shown here. During a drying process, dry-warm process
air P penetrates from a process air duct 3 serving as an
air flow duct into the laundry drum 2 and sweeps over
the laundry present there. In the process, the process air
P absorbs moisture. The now moist, warm process air P
exits the laundry drum 2 again and is guided through the
process air duct 3 to a first heat exchanger 4. The first
heat exchanger 4 cools the process air P, which thereby
condenses out. A heat exchanger surface of the first heat
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exchanger 4 located in the process air duct 3 is thereby
covered by a moisture film from which condensation wa-
ter droplets detach and fall down, e.g. into a collecting
tray not shown here. However, the moisture film also
holds particles such aslintand hair presentin the process
air P on the heat exchanger surface, which remain stuck
there even after the moisture film has evaporated and
can reduce an effectiveness of the first heat exchanger
4. In order to remove the lint, hair, etc. from the first heat
exchanger 4, a cleaning device 5 may be used which
cleans the heat exchanger surface of the first heat ex-
changer 4 using water W under a high momentum as a
cleaning agent. The cleaning device 5 may, for example,
comprise a nozzle in communication with a pump and
directed towards the first heat exchanger 4. The cleaning
device 5 may alternatively comprise a downpipe in com-
munication with a water reservoir to be selectively
opened, which is not shown here, so that water W dis-
charged at high velocity in the downpipe impinges on the
first heat exchanger 4 from above. The downpipe may
be formed with a nozzle system on the outlet side to pro-
duce a more widely spread water curtain. From the first
heat exchanger 4, the now drier process air P is led to a
second heat exchanger 6, which heats the process air P
again. The first heat exchanger 4 and the second heat
exchanger 6 are thus arranged at a distance from each
other in relation to the direction of flow of the process air
P. The first heat exchanger 4 is located at the end of the
second heat exchanger 6.

[0058] Fromthe second heatexchanger®6, the process
air P, which is now dry and warm again, is introduced
into the washing drum 2 through the process air duct 3.
The process air duct 3 thus forms a closed process air
circuit with the laundry drum 2. A fan or ventilator 7 may
be provided for circulating the process air P in the process
air circuit. From the point of view of the process air P, the
first heat exchanger 4 acts as a condenser and the sec-
ond heat exchanger 6 acts as a heater.

[0059] The first heat exchanger 4 and the second heat
exchanger 6 are designed here as parts of a heat pump,
which also has a drive in the form of a compressor 8 and
an expansion valve 9. In the arrangement shown, these
components 4, 6, 8 and 9 are interconnected by refrig-
erant tubes 10 in which working fluid or refrigerant K cir-
culates. The operation of a heat pump is basically well
known and need not be further explained here. From the
point of view of the heat pump, the first heat exchanger
4 serves as an evaporator and the second heat exchang-
er 6 as a condenser.

[0060] Lintand hair are deposited mainly on the moist
first heat exchanger 4, but also to a small extent on the
second heat exchanger 6. In order to be able to clean
the second heat exchanger 6 as well, the cleaning device
5 is operated with the fan 7 running. As a result, water
W (e.g. in the form of a water curtain), which is present
in the process air P in the area of the first heat exchanger
4, is partially entrained with the process air P and reaches
the second heat exchanger 6, which is cleaned in the
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area of the impinging water W. The second heatexchang-
er 6 is cleaned in the area of the impinging water W.
[0061] In principle, the second heat exchanger 6 can
be cleaned in a process independent of a process for
cleaning the first heat exchanger 4. For example, the fan
7 can be operated to clean the second heat exchanger
6 and not operated to clean the first heat exchanger.
Cleaning of the second heat exchanger 6 may be per-
formed during a drying process or in a separate cleaning
process. For example, approximately 50% of the water
W directed to the first heat exchanger 4 may be diverted
or transferred to the second heat exchanger 6 during
operation of the fan 7. A position of the fan 7 in the process
air duct 3 is in principle not limited. For example, in ad-
dition to being arranged between the laundry drum 2 and
the first heat exchanger 4, the fan 7 may also be arranged
between the second heat exchanger 6 and the laundry
drum 2.

[0062] If different sizes of the first heat exchanger 4
and the second heat exchanger 6 are used - for example,
for technical and economic reasons - a given installation
space may result in significantly different distances be-
tween them. This can be disadvantageous because a
trajectory of the entrained water droplets (indicated by
the dashed arrow) in the area between the first heat ex-
changer 4 and the second heat exchanger 6 is increas-
ingly influenced by their own weight, or the trajectory
there is particularly dependent on their own weight. At a
large distance, the water W therefore disadvantageously
reaches only low areas of the second heat exchanger 6,
as shown in simplified form in Fig. 1.

[0063] Fig. 2 shows a section of a base assembly 12
of a drying unit 1 in a view from above at an angle, with
the firstheat exchanger4 and the second heat exchanger
6 arranged at a distance behind it in the direction of flow
of the process air P. A flow guide structure 13 is now
additionally arranged between the two heat exchangers.
The associated sectional plane lies in the horizontal in
such a way that a top cover of the flow guide structure
13 is cut off and therefore not shown. The flow guide
structure 13 is thus shown open at the top.

[0064] The first heat exchanger 4 has a cuboid basic
shape. Moist process air P enters at its air inlet surface
4a, where it is cooled and condensed out. The process
air P then flows through the flow guide structure 13 and
through the second heat exchanger 6, where it is heated.
The second heat exchanger 6 also has a cuboid basic
shape. The first heat exchanger 4, the second heat ex-
changer 6 and the flow guide structure 13 form the air
guide channel there and have the same flow width.
[0065] After leaving the second heat exchanger 6, the
process air P can be introduced into the laundry drum 2.
The water entrained and used for cleaning the second
heat exchanger 6 may, for example, drip or rain off the
second heat exchanger 6, for example into a water tank.
[0066] The base assembly 12 has a common base-
side support 28 and can be pre-fitted with the first heat
exchanger 4, the second heat exchanger 6 and the flow

10

15

20

25

30

35

40

45

50

55

guide structure 13 and then installed as a base-side mod-
ule in the heat pump laundry dryer 1. In particular, the
flow guide structure 13 can be used as a prefabricated
componentbetween the firstheat exchanger and the sec-
ond heat exchanger, in particular it can be plugged in.
[0067] Fig. 3 shows a cross-section of the base as-
sembly of Fig. 2 longitudinally through the heat exchang-
ers 4, 6 and the flow guide structure 13. The sectional
plane here corresponds to a vertical plane.

[0068] The first heat exchanger 4, the second heat ex-
changer 6 and the flow guiding structure 13 extend at
least approximately to the same height, with their tops
lying at least approximately flush with each other. More-
over, since the first heat exchanger 4 has a lower height
than the second heat exchanger 6, a lower surface of the
first heat exchanger 4 is higher than a lower surface of
the second heat exchanger 6. As a result, an air outlet
surface 4b of the first heat exchanger 4 also has a higher
lower surface or a higher lower edge than an air inlet
surface 6a of the second heat exchanger 6.

[0069] Fig. 4 shows an oblique top view of a portion of
the bottom assembly 12 including the first heat exchang-
er 4 and the flow guiding structure 13, while the second
heat exchanger 6 is not shown. This provides an air outlet
side view of the flow guide structure 13.

[0070] With reference to Fig. 3 and Fig. 4, the flow
guide structure 13 used in one embodiment of the proc-
ess according to the invention shows two band- or strip-
shaped flat flow guide elements 14 aligned at least ap-
proximately horizontally between the first heat exchanger
4 and the second heat exchanger 6. The flow guide ele-
ments 14 thus run transversely to the process air duct
with respect to their longitudinal extent or are installed
transversely in the process air duct. The flow guide ele-
ments 14 are arranged one above the other, and here
they are inclined downwardly by between 5° and 10° with
respect to the horizontal in the direction of flow, but are
notinclined in the transverse direction. Consequently, an
edge of the flow guide elements 14 facing the first heat
exchanger 4 is higher than a respective edge facing the
second heat exchanger 6. Above the two flow guide el-
ements 14 there is a horizontally aligned ceiling 15 and
below this a floor 16 which slopes downwards or down-
wardly in the direction of flow towards the horizontal. The
ceiling 15 and the floor 16 are also largely band- or strip-
shaped. The floor 16 may also be considered a flow di-
recting element. The ceiling 15 and/or the floor 16 may
have been manufactured together with the flow directing
elements 14 and side walls 17 as one component, but
may alternatively be separate components to the flow
directing elements 14 and the side walls 17.

[0071] As shown in Fig. 4, the two flow directing ele-
ments 14, the ceiling and the floor 16 are laterally bound-
ed by common, vertically oriented side walls 17. A verti-
cally aligned partition 18 is also inserted centrally at the
two flow guide elements 14 and the ceiling 15. As aresult
of this design, the flow guide structure 13 has five laterally
circumferentially closed air guide channels 19a, 19b,



13 EP 4 324 977 A1 14

20a, 20b and 21. The two air guide channels 19a and
20a arranged side by side are formed by the upper flow
guide element 14, the ceiling 15, the partition wall 18 and
a respective side wall 17. The two side-by-side air guide
channels 19b and 20b are formed by the two flow guide
elements 14, the partition 18 and a respective side wall
17. The air guide channel 21 is formed by the bottom 16,
the lower air guide element 14 and the two side walls 17
and is twice as wide as the air guide channels 19a, 19b,
20a and 20b. The air ducts 19a, 19b and 21 as well as
the air ducts 20a, 20b and 21 are arranged one above
the other. The air ducts 19a, 19b and 21 and 20a, 20b
and 21 are separated from each other by the upper flow
directing element 14 and the lower flow directing element
14, respectively. At least the air ducts 19a, 19b, 20a and
20b are arranged in a grid shape relative to each other.
[0072] A first open side 24 of the flow guiding structure
13 facing the first heat exchanger 4 (which comprises
corresponding first open sides of the air guiding channels
19a, 19b, 20a, 20b, 21) may be directly adjacent to an
airoutlet surface 4b of the first heat exchanger 4, touching
it and/or having a small distance (of advantageously not
more than 10 mm). The first open side 24 of the flow
guiding structure 13 may cover the entire air outlet sur-
face 4b or only a part thereof. A second open side 26 of
the flow guiding structure 13 facing the second heat ex-
changer 6 (which comprises corresponding second open
sides of the air guiding channels 19a, 19b, 20a, 20b, 21)
may be directly adjacent to the air inlet surface 6a of the
second heat exchanger 6, touching it and/or having a
small distance (of advantageously not more than 10 mm).
The second open side 26 of the flow guiding structure 13
may completely or only partially cover the air inlet surface
6b. The provision of the flow guide structure 13 results
in the advantage that a sinking of the water W entrained
with the process air P between the two heat exchangers
4, 6 can be reduced or even partially prevented by the
flow guide elements 14 and optionally 16, whereby the
second heat exchanger 6 can be cleaned at a higher
level by means of the entrained water W than without the
flow guide structure 13. Namely, the flow guiding ele-
ments 14 and possibly 16 can cause water droplets ap-
proaching or falling from above to experience a higher
counterforce in the region of the flow guiding elements
14 and possibly 16 due to a dynamic pressure or the like
than in free fall, so that a range of the water droplets in
the horizontal direction or flow direction is increased. Al-
so, the effect occurs that the water droplets can settle on
the flow guide elements 14 and possibly 16 and create
awaterfilm there, which is pressed by the flowing process
air P in the direction of the second heat exchanger 6. At
the free edge of the flow guide elements 14 and possibly
16 facing the second heat exchanger 6, the water W can
detach or break off and be carried along by the process
air P to the second heat exchanger 6. Thus, an impact
height of the water W on the second heat exchanger 6
can also be improved and also comparatively precisely
adjusted by adjusting a position of the flow guide ele-
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ments 14 and optionally 16. Retaining lugs 22 and plug-
in elements 23 for fixing the flow guide structure 13 are
provided on the outside of the side walls 17 of the flow
guide structure 13.

[0073] The flow guide structure 13 can be inserted in
particular from above into the space between the two
heat exchangers 4 and 6 and e.g. by means of the plug-
in elements 23. The flow guide structure 13 or the two
flow guide elements 14, top 15, the bottom 16 and the
two side walls 17 may have been manufactured as one
part, e.g. as an injection-molded part made of plastic.
However, they may also have been assembled in several
parts, e.g. by means of several sheet metal parts. Clean-
ing of the second heat exchanger 6 can be carried out
during or outside a drying process.

LIST OF REFERENCE NUMERALS
[0074]

1 Heat pump clothes dryer; drying apparatus

2 Drum; laundry drum

3 Process air duct

4 First heat exchanger; evaporator of heat pump
4a Air inlet area of the first heat exchanger

4b Air outlet area of the first heat exchanger

5 Cleaning device

6 Second heat exchanger; condenser of heat pump
6a Air inlet area of the second heat exchanger

7 Fan

8 Compressor

9 Expansion valve

10 Refrigerant pipe

12 Base assembly

13 Flow guide structure
14 Flow guiding element
15 Ceiling

16 Bottom

17 Side wall

18 Partition wall

19a  Air duct

19b  Air duct

20a  Air duct

20b  Air guide duct

21 Air guide duct

22 Retaining lug

23 Plug element

24 First open side of flow guide structure

26 Second open side of flow guide structure Carrier
Refrigerant Process air Water

28 Carrier

K Refrigerant
P Process air
w Water
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Claims

A method of operating a drying apparatus (1) com-
prising a drum (2) for receiving laundry items; a heat
pump (4, 6, 8, 9) having an evaporator as a first heat
exchanger (4), a condenser as a second heat ex-
changer (6), which are arranged in a process air duct
(3) at a distance one behind the other with respect
to the flow direction thereof, a compressor (8) and
an expansion valve (9); a blower (7) arranged in the
process air duct (3), and a cleaning device (5) for
cleaning the firstheat exchanger (4) with an aqueous
cleaning liquid (W), the method comprising the fol-
lowing steps in a drying phase in which the drum (2)
is at least temporarily rotated and the blower (7) is
switched on:

(a) determining whether a predetermined mini-
mum amount M,,,;, of the aqueous cleaning lig-
uid (W) is present in the cleaning device (5);
(b1) when the minimum quantity M, of aque-
ous cleaning liquid (W) is presentin the cleaning
device (5), switching off the compressor (8);
(b2) when the minimum quantity M,,;, of aque-
ous cleaning liquid (W) is not present in the
cleaning device (5), the following steps (c), (c1),
(c2) and (d) are skipped;

(c) activating the cleaning device (5) so that
aqueous cleaning liquid (W) is conveyed into the
first heat exchanger (4), wherein during the con-
veyance of the aqueous cleaning liquid

(c1) in the event that a moisture content H of the
laundry items is above a predetermined mois-
ture content Hut, the blower (7) is operated at
a power P, sufficient to convey at least part of
the aqueous cleaning liquid (W) from the first
heat exchanger (4) into the second heat ex-
changer (6); and

(c2) in the event that a moisture content H of the
laundry items is below a predetermined mois-
ture content Hgp, where Hpt > Hp, operating
the blower (7) at a power P, < P, insufficient to
convey atleastaportion of the aqueous cleaning
liquid (W) from the first heat exchanger (4) to
the second heat exchanger (6), and interrupting
rotation of the drum (2);

(d) pumping condensate, preferably from a con-
densate pan in a bottom group (12), by means
of a pump into the cleaning device (5) until at
least the minimum quantity M,,,;, of aqueous
cleaning liquid (W) is again present in the clean-
ing device (5), wherein in case (c2) the rotation
of the drum (2) is resumed before the pumping
after de-activation of the cleaning device (5);
(e) repeating steps (c) and (d) at least once; and
then

(f) in case (c1), restarting the compressor (8);
and
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10

(g) in case (c2), rinsing the first heat exchanger
when the temperature inside the drum reaches
a pre-defined limit T ;.

Method according to claim 1, characterized in that
steps(c1)and (d) are repeated a pre-defined number
of times nggyy.
Method according to claim 1 or 2, characterized in
that a flow guide structure (13) is present in the dry-
ing apparatus (1) in the process air duct (3) between
the first heat exchanger (4) and the second heat ex-
changer (6), which flow guide structure (13) has at
leastone flatflow guide element (14) whichis aligned
at least approximately horizontally between the first
heat exchanger (4) and the second heat exchanger
(6) and is arranged above a bottom (16) of the proc-
ess air duct (3).

Method according to claim 3, wherein at least one
flow guiding element (14) is strip-shaped and ex-
tends transversely to the process air duct (3) with
respect to its longitudinal extension.

Method according to claim 3 or 4, wherein the first
heat exchanger (4), the second heat exchanger (6)
and the flow guide structure (13) have an equal flow
width.

Method according to any one of claims 3to 5, where-
in

- the flow guide structure (13) is a grid-like flow
guide structure (13) which has at least two cir-
cumferentially closed air guide channels (19a,
19b, 20a, 20b, 21) arranged one above the oth-
er,

- which air guide channels (19a, 19b, 20a, 20b,
21) arranged one above the other are separated
from one another by a common flow guide ele-
ment (14),

- first open end faces (24) of the air guide chan-
nels (19a, 19b, 20a, 20b, 21) face an air outlet
side (25) of the first heat exchanger (4), and

- second open end faces (26) of the air guide
channels (19a, 19b, 20a, 20b, 21) face an air
inlet side (27) of the second heat exchanger (6).

Method according to claim 6, characterized in that
the flow guide structure (13) has at leasttwo arrange-
ments, arranged next to one another, of in each case
at least two circumferentially closed air guide chan-
nels (19a, 19b, 20a, 20b, 21) arranged one above
the other.

Method according to one of the preceding claims,
characterized in that in the drying apparatus (1) the
first heat exchanger (4) and the second heat ex-
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changer (6) are arranged on a common base (28)
and the flow guiding structure (13) can be inserted
as a prefabricated component between the first heat
exchanger (4) and the second heat exchanger (6).

Method according to any one of the preceding
claims, characterized in that the measurement of
the moisture content H of the laundry items is per-
formed by means of a conductivity sensor arranged
in the drum (2).

Method according to one of the preceding claims,
characterized in that the determination of the
amount of water M in the cleaning device (5) is car-
ried out by means of a water level sensor and/or a
counter for pumping operations of the pump.
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